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ABSTRACT

The third Saturn IB vehicle, AS~202, was launched from KSC pad 34
at 12:15:32 EST on August 25, 1966. This report presents the A5-202
postflight trajectory from guidance reference release (approximately
5 sec prior to vehicle first motion) to S-IVB/CSM separation. The
trajectory is presented in the earth-fixed plumbline, space-fixed
ephemeris, and geographic coordinate systems. A complete time history
of trajectory parameters is given, in tabular form, at 1 sec intervals
through S-IB powered flight and 5 sec intervals through S-IVB powered
flight to S-IVB/CSM separation. Also included are tabulations of the
S-IB and S-IVB stages ballistic trajectories. Some special trajectory

dependent parameters are presented in graphic form.
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SUMMARY

This report presents the AS-202 postflight trajectory. The
powered flight trajectory was established from the data provided by
external electrical tra&king systems and the onboard telemetry system.
External tracking data were available from ODOP, GLOTRAC Station I,
GLOTRAC, and C-Band radar tracking systems. The onboard data consisted
of telemetered guidance information obtained from the ST-124M platform.
The ODOP and GLOTRAC Station I data were used to construct the S-~IB portion
of the powered flight trajectory. Telemetered guidance information,
reduced to inertial velocities, was used in conjunction with C-Band
radar tracking data to produce a best estimate trajectory for the S-IVB
powered flight. The trajectory is presented from guidance reference
EST) to S-IVB/CSM separation (598.7 sec after Range Zero). An error
analysis of the trajectory is included. Tables and figures present

the data in both the metric and English units of measure.



1.0 INTRODUCTION

The AS-202 vehicle was launched from KSC on August 25, 1966, at
12:15:32 EST. After approximately 9 min and 48 sec of powered flight
and 10 sec of free flight the S-IVB stage and Apollo spacecraft separated.
After separation the Apollo spacecraft was put through a series of tests.

The AS-202 vehicle was the third f}ight,test of the Saturn IB series
and theithif£eenth of the Saturn family of vehicles. This was the
second flight test of the Apollo spacecraft.

This report presents the postflight mass point reference trajectory
and associated information from guidance reference release to S-IVB/CSM
separation, in Tables VI through XI. Also presented are detailed discussions
of data sources and their utilization, an error analysis along with the
estimated uncertainty of the trajectory, and free flight trajectories
for the S-IB and S-IVB stages. Several trajectory dependent illustrations
are included. A few points from the spacecraft trajectory as determined
by MSC are included in Appendix A.

Times listed in this report are referenced to Range Zero (12:15:32 EST)
unless otherwise specified. The times of guidance reference release and
first motion were defined as L.468 sec before and 0.73 sec after Range
Zero, respectively.

Acknowledgement is given to the Dynamics Programming Unit of CCSD
Computer Services for their invaluable assistance in processing the data

presented in this report.



2.0 COORDINATE SYSTEMS AND TRAJECTORY PARAMETERS

The translational motion of the vehicle's center of gravity is
tabulated in three coordinate systems: earth-fixed plumbline, space-
fixed ephemeris, and geographic. An initial displacement of 32.0 m
(105.0 ft) locates the center of gravity of the vehicle in the
earth-fixed plumbline system whose origin is located on the reference
earth model. The above coordinate systems are defined in Appendix A
and graphically illustrated in Figure 3.

The representative model for the earth and its gravitational field
is the Fischer Ellipsoid of 1960. All latitude and longitude coordinates
are defined with respect to this ellipsoid.

The geographic coordinates and gravity data for launch pad 34 at

Cape Kennedy are:

Geodetic Latitude 28.521963 deg N
Longitude 80.561141 deg W
Acceleration of Gravity 9.818 m/32 (32.21 ft/s2)

Elevations above the reference ellipsoid are:

Base of Launch Pedestal 5.7 m (18.7 ft)
C.G. at First Motion 32.0 m (105.0 ft)

Azimuth aligrments are:

Launch Azimuth 100.0 deg E of N
Flight Azimuth 105.0 deg E of N
ST-124M Platform Azimuth 105.0 deg E of N



3.0 POWERED FLIGHT TRAJECTORY ANALYSIS

3.1 Data Sources

Tracking data were available from first motion through S-IVB/CSM
separation. The tracking coverage of each tracking system is itemiged
in Table I and shown in Figure 1. The vehicle ground track relative
to the tracking stations is shown in Figure 2. Figure L shows the
vehicle station location of each antenna for the various tracking
systems and the vehicle's center of gravity versus time. Comparison
of each individual tracking system with the reference postflight
trajectory is discussed below. The metric comparisons are shown in
Figures 11 through 13. The measured parameter comparisons are shown
in Pigures 14 through 16.

3.1.1 QDOP

The ODOP tracking data were used in establishing the reference

trajectory from first motion through 125 sec. The ODOP data were

processed in the Final Launch Phase program to produce the initial

portion of the trajectory, from first motion to 29 sec. The data

from the Final Launch Phase program were then merged at 29 sec

with the regularly processed ODOP data. The ODOP tracking system

furnished continuous data from O to 132 sec as shown in Figure 1.

3.1.2 GLOTRAC Station I (Mark II AZUSA)

GLOTRAC Station I furnished an independent set of tracking

data. These data were received from 15 to 234 sec and were incorporated



in the reference trajectory from 125 to 160 sec. Comparison of
these data with the reference trajectory reveals deviations of less
than 16 m (52 ft), 11 m (36 ft), and 7 m (23 ft) in the XE, YE,
and ZE position components, respectively.

3.1.3 GLOTRAC

GLOTRAC data were received from 20 sec through the remaining
powered flight. These data were the only high precision data
received after 235 sec. However, these data were not incorporated
into the reference trajectory due to late arrival and a close
correlation with the reference trajectory. Comparisons between
GLOTRAC and the reference trajectory revealed deviations of less
than 45 m (148 ft) in the position components.

3.1.4 Radar

Grand Bahama (3.18) radar tracking covered the major portion
of the powered flight. The data received started at 90 sec and
continued beyond S-IVB/CSM separation. The angle measurements
displayed deviations of less ihan 0.01 and 0.03 deg in azimuth and
elevation, respectively. The range measurement had a maximum
deviation of approximately 28 m (92 ft).

The tracking data from the Grand Turk (7.18) radar were
received from 217 sec through the remaining powered flight with one
gap from 478.2 to 480.5 sec. The maximum angle deviations were
0.007 and 0.013 deg in azimuth and elevation, respectively. The
maximum range deviation was 12 m (39 ft) from the reference trajectory.

Merritt Island (19.18) radar tracked from 14 to 468 sec of

the flight. The agimuth, elevation and range measurements revealed



3.2

errors of 0.01 deg, 0.03 deg and 30 m (98 ft), respectively, from
the reference trajectory.

Patrick (0.18) radar furnished data until 568 sec of flight.
These data displayed maximum deviations of 0.0l deg, 0.0l7 deg
and 21 m (69 ft) in azimuth, elevation and range, respectively, with
respect to the reference trajectoi'y. '

Antigue (91.18) radar provided data from 483 sec to beyond
S-IVB/CSM separation. The angle measurements had a maximm deviation
of 0.01 deg in azimuth and 0.0l4 deg in elevation. The range measure-
ment revealed a deviation of 60 m (197 ft).

The Grand Bahama (3.16) radar furnished reliable tracking
data from 88 to 611 sec of the AS-202 flight. These data revealed
deviations of less than 0.007 deg, 0.012 deg and 32 m (105 ft),
respectively, in azimuth, elevation and range with one data gap
from 98 to 110.1 sec.

The Cape Kennedy (1.16) radar data were received from 13 to
210 sec. These data had two short gaps occurring from 35.8 to 41 sec
and 53.7 to 58 sec. The maximum deviations in azimuth, elevation
and range were 0.026 deg, 0.005 deg and 14 m (46 ft), respectively.

Trajectory Compositi
External tracking systems provided data which were used in conjunction

with telemetered guidance velocities in establishing the reference trajectory.

The trajectory was constructed in the following manner.



Interv gec Description
0.0 - 29.0 ODOP data were used in a least squares
curve fit. (Reference 1 discusses in
detail the method used to establish
this portion of the trajectory.)
29.0 - 125.0 ODOP data processed by the Smoothing
and Differentiation program, which is
___discussed below.
125.0 - 160.0 GLOTRAC Station I data processed by
the Smoothing and Differentiation program.
The S-IB cutoff area was adjusted to the
guidance velocity and acceleration profiles
using telemetered data.
160.0 - 598.7 A best estimate type trajectory, as
generated by the MARLOCK program, using
C-Band radar and telemetered guidance
data. The technique is discussed below.
The initial portion of the reference trajectory was established
with the Final Launch Phase program. The program utilized ODOP data
in a least squares curve fit. The differences between the resulting
curve and the actual data were negligible. The remaining powered flight
portion of the S-IB trajectory was established using ODOP and GLOTRAC
Station I data. The S-IVB powered portion of flight to S-IVB/CSM
separation is a best estimate type trajectory from all tracking systems.
The best estimate trajectory is established through utilization of
the MARLOCK program. The MARLOCK program uses telemetered guidance
velocities as a generating parameter to compute a trajectory which will
best fit the tracking data yet retain the smoothness of the guidance data.
The guidance data can vary only in accordance with an eighteen term error
model and the variances assigned to each error coefficient. The error
coefficients are determined using the Kalman linear filtering technique

and the error terms are applied to the guidance data to produce the final



smooth and continuous trajectory (See Reference 2 for a theoretical
discussion of the MARLOCK program).

The ODOP, GLOTRAC Station I data and computed trajectory were
smoothed over a 10 sec span using coefficients which are the average
of fourth-degree and second-degree smoothing coefficients. The
averaged coefficients provide a more desirable frequency response for
tracking data filtering. The velocity and accelcra.tidn data were
derived using fourth-degree coefficients because significant bias could
be induced if averaged coefficients were used. Reference 3 presents a
detailed discussion of the Smoothing and Differentiation program.

All observed data were transformed from the point of track (antenna
locations on vehicle) to the vehicle's center of gravity to provide a
common point of reference for all of the tracking systems.

Since several data sources were used to construct the trajectory,
it was necessafy to provide a merging or blending process to compensate
for the small biases that may have existed between the datfa. sources.

A merging program (a least squares technique) was used to connect the
different data sources in order to create a smooth transition.
3.3 Powered Flight Trajectory

A comparison of actual and nominal times at significant vehicle
events is presented in Table II. Altitude and surface range are shown
in Figures 5 and 6, respectively, for the entire powered flight. Figure 7
is an illustration of the total inertial acceleration profiles for the
5-IB and S-IVB stages. The earth-fixed velocity magnitude, along with
the angle between the earth-fixed velocity vector and the local horizontal

plane, is shown in Figure 8. The magnitude of the space-fixed velocity



vector and the angle between the space-fixed velocity vector and the
local horizontal plane is shown in Figure 9. Mach number and dynamic
pressure are shown for the S-IB powered flight in Figure 10. These
parameters were calculated using measured meteorological data to an
altitude of 83 km (45 nm). Above this altitude the U.S. Standard
Reference Atmosphere was used.

Various trajectory parameters are given at significant event times
in Table III. Apex, loss of telemetry, and impact are included for the
discarded S-IB stage. Only the apex and loss of telemetry are included
for the S-IVB stage. Several trajectory parameters are given at inboard
engine cutoff (IECO), outboard engine cutoff (OECO) and S-IVB cutoff
(S-IVB CO) in Table IV and at S-IB/S-IVB and S-IVB/CSM separations in
Table V. The velocity gain between OECO and separation due to thrust
decay was 4.6 m/s (15.1 ft/s). The velocity gain from S-IVB CO to end
of thrust decay was 6.2 m/s (20.3 ft/s).

The actual powered flight trajectory is presented in the metric
system of units in Tables VI through VIII, and the English system of units
in Tables IX through XI.

3.4 Error Analysis of the Reference Trajectory

During the S-IB powered flight, excellent coverage was provided by
ODOP and GLOTRAC Station I. These two sets of data were used to establish
the reference trajectory during this portion of the flight.

Data from the ODOP, GLOTRAC Station I, and GLOTRAC systems are
compared to the reference trajectory in the earth-fixed plumbline
coordinate system in Figures 11 through 13. All data were smoothed,
differentiated and transferred from the point of track (vehicle antenna

locations) to a common point, the vehicle's center of gravity. The



earth-fixed plumbline comparisons show negligible differences between
the high precision systems during the first stage portion of the flight
and less than 45 m (148 ft) deviation through the entire powered flight.
Comparisons of radar measured parameters (agimuth, elevation, and range)
with the reference trajectory are presented in Fipures 14 through 16.
This comparison reveals maximum deviations of 60 m (197 ft) in the
range measurements for any system. Maximum deviations for azimuth and
elevation are 0.026 deg and 0.03 deg, respectively. All range and angle
measurements appear to be biased or show systematic trends with respect
to the reference trajectory. The dispersion of the various data gives an
jndication of the accuracy of the reference trajectory. The comparison
curves show only the trend of the data relative to the reference trajectory.
A statistical analysis of ten different MARLOCK trajectory solutions
was performed in an effort to determine trajectory accuracies. From

this analysis the standard deviations at S-IVB/CSM separation were:

XE YE ZE
28.6 m (93.8 ft) 102.4 m (336.0 f£t) 8.9 m (29.2 ft)
DXE DYE DZE

0.09 m/s (0.30 ft/s) 0.87 m/s (2.85 ft/3) 0.2k m/s (0.79 ft/s)
An estimate of the probable total uncertainty in the powered flight
reference trajectory is presented in Figure 17. At OECO the position
components are probably accurate to 30 m (98 f£t) and the wvelocity
components to 0.3 m/s (1.0 ft/s). By S-IVB CO the velocity uncertainties

have increased to about 1.0 m/s (3.3 ft/s) in the DYE component and 0.5 m/s

- 10 -



(1.6 ft/s) in the DXE and DYE components. The uncertainties in position
components at S-IVB CO are 200 m (656 ft) in the YE component and 100 m

(328 ft) in the XE and ZE components.



4.0 S-IB AND S-IVB STAGE FREE FLIGHT TRAJECTORIES

A theoretical free flight trajectory was computed for the discarded
S-IB stage using initial conditions following outboard engine thrust decay
and retro-rocket cutoff. The initial conditions were computed by assuming
nominal retro-rocket performance and outboard engine thrust decay after
S-IB/S-IVB separation. Radar tracking data were not available to
confirmm the results obtained.

A nominal tumbling drag was assumed following the retro-rocket
cutoff. In addition, nominal coefficients of drag were used assuming
the booster (1) stabilized at 90 deg angle of attack and (2) stabilized

at 0 deg angle of attack. These provide the following dispersions:

Drag Conditions Impact Range Impact Time
0 deg Angle of Attack 460.1 km (248.4 nm) 476.3 sec
Tumbling 450.0 km (243.0 rm) 536.8 sec
90 deg Angle of Attack 3.4 km (239.4 m) 578.2 sec

A theoretical free flight trajectory was computed for the discarded
S-IVB stage using initial conditions from the reference trajectory. This
trajectory was computed to the loss of telemetry signal which occurred
simultaneously with the termination of the common bulkhead pressure test
at 941.2 sec. At loss of telemetry, the 5-IVB stage was at an altitude of
24,6.1 km (132.9 rm) and surface range of 3708.2 lm (2002.3 mm).

Since the S-IVB stage had not re-entered the Earth's atmosphere at
the time of loss of telemetry, the various coefficients of drag would result
in negligible variations in the free flight trajectory. Therefore, only
the tumbling drag coefficient was used to compute the free fiight trajectory

for the S-IVB stage.

-12 -



The theoretical free flight trajectory utilizing the tumbling
drag coefficient data will be considered as the actual trajectory for
the 5-IB stage. The S-IB stage trajectory is presented in tabular form
in Tables XII (metric units) and XIV (English units). The S-IVB stage
trajectory is presented in tabular form in Tables XIII (metric units)
and XV (English units). The ground track of the trajectories are shown

in Figure 2.

-13 -
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Figure 9 Space-Fixed Velocity and Flight Path Angle
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TABLE I

TRACKING DATA SOURCES AVAILABLE DURING POWERED FLIGHT

Data Source '*"

-0DOP

GLOTRAC Station I (Mark II AZUSA)
GLOTRAC

Grand Turk (7.18) Radar (TPQ-18)

Antigua (91.18) Radar (FPQ-6)
Grand Bahama (3.16) Radar (FPS5-16)
Grand Bahama (3.18) Radar (TPQ-18)

Cape Kennédy (1.16) Radar (FPS-16)

Merritt Island (19.18) Radar (TPQ-18)
Patrick (0.18) Radar (FPQ-6)

-31 -

Interval
0.0 - 132.4
15 .0 - 23‘#-7
20.0 - 598.7
2A7.0 - 478.2
480.5 - 598.7
483.0 - 598.7
88.0 - 98.0
llo nl - 59807
90.0 - 598.7
13.0 - 35.8
Lloo - 53 07
58.0 - 210.7
lhoo - 1067 09
18.0 - 568.4



TABLE II

TIMES OF EVENTS

Event Actual Nominal Act-Nom
Guidance Reference Release - L.468 - 4.270 - 0.198
First Motion 0.73 0.73 0.00
L.0. Signal (Umb. Disc.) 0.93 0.93 0.00
Mach One 63.69 65.73 - 2,04
Maximum Dynamic Pressure 79.50 79.73 - 0.23
IECO 139.57 141.60 - 2.03
OECO 143.47 144, .60 - 1.13
S-IB/S-IVB Separation 144,23 145.40 - 1.17
Guidance Initiation (IGM) 172.40 173.48 - 1l.08
S-IVB CO 588.47 602,28 - 13.81
S-IVB/CSM Separation 598.70 612.52 - 13.82

Note: Actual times are referenced to Range Zero (12:15:32 EST). Nominal
times are obtained from Reference ) and adjusted to the actual
0.73 sec first motion time.
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Symbol

XE, YE, ZE

DXE, DYE, DZE
DDXE, DDYE, DDZE

ISP, YSP, ZSP
DXSP, DYSP, DZSP
DDXSP, DDYSP, DDZSP

E. C. DIST
LONG
G.C. LAT

APPENDIX B

DEFINITIONS OF SYMBOLS

Definitions

Position, velocity and acceleration components

in the Earth-Fixed Cartesian Coordinate System.

The origin of this system is the projection of

the center of gravity of the complete vehicle at
first motion onto the Fischer Ellipsoid of 1960,
The X-Z plane is tangent to the reference ellipsoid
at the origin of the coordinate system. The
positive X-axis is oriented in the flight azimuth
direction, 105 deg E of N. The Y-axis is normal
to the X-Z plane and is positive above the origin.
The Z-axis is normal to the X~-Y plane and is in

a right hand relation to the X-Y axes with the
positive direction 195 deg E of N. The origin

of this earth-fixed system rotates with an angular
velocity identical to that of the earth. The
earth-fixed coordinate system is shown in Figure 3,

Position, velocity and acceleration components in
the Space-Fixed Ephemeris Coordinate System. The
origin of this system is located at the geocentric
center of the earth. The Z-axis points north
along the earth's axis of rotation (through the
north pole). The X-Y plane is coincident with the
equatorial plane. The X-axis points through the
vernal equinox. The reference equinox and equator
are the mean equinox and equator of date for the
epoch of midnight or zero hours on the day of
launch. The Y-axis is normal to the X-Z plane
and in a right hand relation to the X-, Z-axes.
The direction of the coordinate axes remain fixed
in space although the origin continues to move
with the center of the earth. The space-fixed
ephemerdis coordinate system is shown in Figure 3.

Position of vehicle in the Geographic Coordinate

System. Position in this system is defined by the

radius vector from the vehicle to the geocentric

center of the earth (E.C.DIST), geocentric latitude

(G.C. LAT) and longitude (LONG). Geocentric latitude

is the angle between the radius vector and the equatorial
plane, positive north of the equator. Longitude is the
angle between the projection of the radius vector into

the equatorial plane and the Greenwich meridian,
measured positive east of the Greenwich meridian.

- 8l -



Symbols
E.F. VEL
VEL-AZ
VEL-ELEV

S.F. VEL
FLT-PATH

HEAD

LAT
MACH
DIN PRES

ALTITUDE

RANGE

DEC

DEFINITIONS OF SYMBOLS (CONT'D)

Definitions

Earth-fixed velocity of the vehicle in the Geographic
Coordinate System. Velocity in this system is given

in terms of azimuth (VEL-AZ), elevation (VEL-ELEV),

and magnitude of the velocity vector (E.F.VEL). Azimuth
is the angle between the projection of the velocity
vector into the local horizontal plane and the north
direction in this plane. Elevation is the angle between
the velocity vector and the local horizontal plane. The
local horizontal plane is defined as the plane perpen-
dicular to the radius vector from the vehicle to the
geocentric center of the earth. The geographic coordi-
nate system is shown in Figure 3.

Space-fixed velocity of wvehicle in the Geographic
Coordinate System. Velocity is given in terms of
flight-path angle (FLT-PATH), heading angle (HEAD),
and magnitude of the velocity vector (S.F.VEL).
The flight-path angle is the angle between the
space fixed velocity vector and the plane normal
to the radius vector from the vehicle to the
geocentric center of the earth, measured positive
upward from this plane. The heading angle is
measured positive clockwise from north to the pro-
jection of the space-fixed velocity vector in the
plane normal to the radius vector.

Geodetic latitude of wvehicle.
Mach number.
Dynamic Pressure.

Distance from the reference ellipsoid to the center of
gravity of the vehicle measured along the radius vector
from the vehicle to the geocentric center of the earth.

Surface range measured along a spherical earth from

the launch site to the subvehicle point. The subvehicle
point is defined as the intersection of the reference
ellipsoid and the reference ellipsoid normal passing
through the vehicle.

The Declination angle is the angle between the radius
vector from the center of the earth to the vehicle
and the equatorial plane, positive north of the
equator (Synorymous with G.C. LAT).
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